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Frequent or repetitive exercise-induced ventricular ectopic 
beats are often considered a marker for serious cardiac 
disease or sudden death, or both. However, the prognostic 
value of these arrhythmias in an unreferred asymptomatic 
community-dwelling population over a broad age range is 
unknown. Of 1,160 subjects aged 21 to 96 years who 
underwent maximal exercise treadmill testing an average of 
2.4 times, 80 (6.9%) developed frequent (~10% of beats in 
any 1 min) or repetitive (23 beats in a row) ventricular 
ectopic beats on at least one test. These 80 individuals were 
significantly older than the group without such arrhythmia 
(63.8 2 12.5 versus 50.0 f 16.1 years, p < 0.0001). A 
striking age-related increase in the prevalence of frequent 
or repetitive exercise-induced ventricular ectopic beats was 
seen in men (p < 0.0001) but not in women. 
The prevalence of electrocardiographic abnormalities at 
rest, exercise-induced ST segment depression and thallium 
perfusion defects, duration of treadmill exercise, maximal 
heart rate, systolic blood pressure and rate-pressure prod- 
uct did not differ between these 80 study subjects with 
frequent exercise-induced ventricular ectopic beats and a 
control group matched for age and gender. Furthermore, 
the incidence of cardiac events (angina pectoris, nonfatal 
myocardial infarction, cardiac syncope or cardiac death) 
(10% versus 12.5%) as well as noncardiac mortality (each 
7.5%) was found to be similar for the study and control 
groups, respectively, over a mean follow-up period of 5.6 
years. No study subjects required antiarrhythmic drugs 
over this time interval. 
Thus, frequent or repetitive exercise-induced ventricu- 
lar ectopic beats in these predominantly older, asympto- 
matic individuals without apparent heart disease do not 
predict increased cardiac morbidity or mortality and, 
therefore, do not require specific therapy. 
(J Am Co11 Cardiol1989;14:1659-65) 
In patients with known or suspected heart disease, frequent 
or repetitive ventricular ectopic beats, whether occurring 
during routine activity (1,2) or induced by exercise (3-S), are 
often considered a marker for serious heart disease and a 
predictor of future cardiac events. In contrast, similar ar- 
rhythmias in highly screened military aircrewmen (6) have 
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demonstrated minimal predictive value for the development 
of clinical coronary artery disease. Between these extremes, 
the significance of such complex arrhythmias in an asymp- 
tomatic unreferred community-dwelling population is un- 
known. 
Frequent or repetitive ventricular ectopic beats induced 
by exercise have been reported in several cross-sectional 
studies of apparently healthy subjects, including police of- 
ficers (7), individuals with hyperlipidemia (8) and exercise 
program participants (9). The lack of systematic follow-up 
study of these individuals does not allow a determination of 
the prognostic significance of these complex exercise- 
induced ventricular arrhythmias. Furthermore, the selection 
bias inherent in these carefully screened, predominantly 
young, male populations does not provide insight into the 
prevalence or prognostic importance of such arrhythmias in 
the community at large. The detection of complex exercise- 
induced ventricular ectopic beats in an asymptomatic older 
individual creates a therapeutic dilemma for the physician: 
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unnecessary treatment with a potent antiarrhythmic drug, 
often with considerable side effects, or exposure to the 
possibility of syncope or sudden cardiac death. 
The present study was, therefore, designed to answer the 
following questions. 1) What is the prevalence of frequent or 
repetitive exercise-induced ventricular ectopic beats in an 
asymptomatic community-dwelling population over a broad 
age range? 2) Are these complex exercise-induced ventricu- 
lar ectopic beats associated with major coronary risk factors, 
rest electrocardiogram (ECG) abnormalities or exercise- 
induced silent myocardial ischemia in such a population? 3) 
Do such ventricular ectopic beats predict increased long- 
term cardiovascular morbidity or mortality? 
Methods 
Study subjects. Study subjects and control subjects were 
chosen from asymptomatic community-dwelling participants 
in the Baltimore Longitudinal Study of Aging. The socioeco- 
nomic characteristics of these volunteers are those of a 
primarily white, upper middle class segment of the popula- 
tion who have professional and managerial occupations (10). 
These subjects, aged 21 to 96 years, undergo 2.5 days of 
extensive testing biennially at the Gerontology Research 
Center of the National Institute on Aging. After informed 
consent was obtained, all orthopedically capable subjects 
without clinical evidence of cardiac disease underwent max- 
imal treadmill exercise testing. Criteria for inclusion in this 
study were the absence of clinical heart disease, cardiac 
medications or history of any antiarrhythmic therapy and 
absence of significant abnormalities on the rest ECG, com- 
plex ventricular ectopic beats as defined below, major Q 
waves (Minnesota code 1: 1 or 1:2), left bundle branch block 
or major repolarization abnormalities (Minnesota codes 4: 1, 
4:2, 5:l or 5:2) (11). 
Exercise testing. Standard 12 lead ECGs were obtained 
immediately before exercise with the subject supine, sitting 
before and after hyperventilation and standing. A symptom- 
limited maximal treadmill exercise test was then performed 
using a modified Balke protocol, in which treadmill grade is 
increased every 2 min, starting from the horizontal. A 
constant speed of 3.5 mph was maintained for men and 3.0 
mph for women. The ECG was continuously monitored in 
leads aVF, V, and V, throughout exercise and for at least 6 
min into recovery by oscilloscope and an audible cardio- 
tachometer, and was recorded on FM tape for playback 
verification (12). Testing was routinely terminated for 
subject complaints of fatigue, dyspnea or leg discomfort. 
Reasons for premature test termination included major ar- 
rhythmias (ventricular runs or sustained supraventricular 
tachyarrhythmias), hypotension, angina pectoris or un- 
steady gait. Individuals who developed angina during exer- 
cise were excluded from analysis, as were those without 
complex exercise-induced ventricular ectopic beats who 
failed to reach 85% of age-predicted maximal heart rate, 
Rest and exercise ECGs were evaluated by a single 
observer (J.L.F.) according to Minnesota code criteria (11). 
In this study, complex ventricular ectopic beats consisted of 
either frequent or repetitive ventricular ectopic beats. Ven- 
tricular ectopic beats were defined as frequent if they repre- 
sented ~10% of beats in any 1 min (Minnesota code 38:2) 
and repetitive if they occurred in salvos of ~3 at a rate 2 100 
beatslmin (that is, ventricular tachycardia). Exercise- 
induced complex ventricular ectopic beats were further 
characterized by their time of first occurrence. In addition, 
the presence or absence of other exercise-induced arrhyth- 
mias and ischemia was determined. An ischemic exercise 
response was defined as 2 1 .O mm of horizontal or downslop- 
ing ST segment depression. Exercise thallium scintigraphy 
at Johns Hopkins Hospital was offered to all subjects >40 
years of age and was read for the presence or absence of 
segmental perfusion defects. 
Control group. For each subject with exercise-induced 
complex ventricular ectopic beats, an age- and gender- 
matched control subject from the Baltimore Longitudinal 
Study of Aging was identified whose identification number 
most closely matched that of the index subject with ventric- 
ular ectopic beats. Control subjects met the same inclusion 
criteria as subjects with ventricular ectopic beats (study 
group), but underwent a maximal exercise treadmill test to at 
least 85% of age-predicted maximal heart rate without the 
development of complex ventricular ectopic beats. The 
prevalence of cigarette smoking (defined as smoking at least 
five cigarettes a day), hypertension (defined by a history of 
antihypertensive therapy or a current blood pressure >160/ 
95 mm Hg), hypercholesterolemia (defined by a plasma 
cholesterol level ~240 mg/dl) and diabetes mellitus (defined 
by the use of insulin or oral hypoglycemic agents or a fasting 
plasma blood glucose level 2140 mgldl) in both study and 
control subjects was ascertained. The prevalence of ECG 
abnormalities at rest, exercise-induced ST segment depres- 
sion and thallium perfusion defects, duration of treadmill 
exercise, maximal heart rate, systolic blood pressure and 
rate-pressure product during exercise were compared in the 
two groups. The incidence of cardiac events (defined as the 
development of angina pectoris, nonfatal myocardial infarc- 
tion, cardiac syncope or cardiac death) and noncardiac death 
during long-term follow-up study was determined in subjects 
with complex ventricular ectopic beats and control subjects 
at the time of most recent follow-up visit or by telephone 
interview. 
Statistical analysis. Continuous variables were expressed 
as mean values ? SD and compared between subjects with 
complex ventricular ectopic beats and control subjects by 
unpaired t test. Discrete variables were compared by chi- 
square analysis; Yates’ correction was applied when the 
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Figure 1. Prevalence of frequent or repetitive ventricular ectopic 
beats induced by maximal treadmill exercise as a function of age and 
gender in 1,160 apparently healthy volunteers from the Baltimore 
Longitudinal Study on Aging tested between 1974 and 1986. The 
numbers above each bar represent the number of subjects tested in 
each decade. Only the first test within this period is counted for each 
subject. A highly significant increase in prevalence with age was 
seen in men (,$ = 46.5, p < 0.0001) but not in women (,$ = 6.72, 
p = NS). 
total in a table was <lOO. A p value <0.05 by two-tailed 
analysis was considered significant. 
Results 
Prevalence of frequent exercised-induced ventricular ec- 
topic beats. Between 1974 and 1986, a total of 1,160 asymp- 
tomatic Baltimore Longitudinal Study of Aging subjects (755 
men and 405 women) underwent maximal treadmill testing 
an average of 2.4 times. Of the entire group, 6.9% (59 men 
and 21 women) developed frequent ventricular ectopic beats 
(~10% of beats) or salvos (23 in a row) on at least one test. 
The group developing frequent or repetitive ventricular 
ectopic beats was significantly older than the remaining 
subjects (63.8 + 12.5 versus 50.0 i 16.1 years. p < 0.0001). 
The prevalence of frequent or repetitive ventricular ectopic 
beats induced by maximal treadmill exercise as a function of 
age and gender in these Baltimore Longitudinal Study of 
Aging participants during their initial exercise test is shown 
in Figure 1. In men, a striking increase in prevalence is 
shown with advancing age. This age effect is not seen in 
women, except in the small subgroup >80 years of age. The 
prevalence of complex ventricular ectopic beats does not 
differ significantly between genders before 60 years of age 
(x2 = 1.87, p = NS), whereas the prevalence is higher in men 
than women after this age (x’ = 4.75, p < 0.02). 
Characterization of exercised-induced arrhythmias (Tables 
1 and 2). Of the total study group (80 subjects), 18 had short 
nonsustained runs of ventricular tachycardia, ranging from 3 
to 6 beats in length except for one run of 45 s duration (Table 
1). Half the group had only frequent ventricular ectopic 
Table 1. Characterization of Complex Exercise-Induced 
Ventricular Arrhythmias in 80 Subjects 
No.* 
Frequent VEB only 
Frequent VEB bith occasional AEB 
Frequent VEB with frequent AEB 
Frequent VEB with SVT 
VT with frequent VEB 
VT without frequent VEB 
40 50 
!! ?X 
4 5 
7 1 
: 9 
II 14 
“Six subject5 were in more than one category. +Frequent atrial ectopic 
beats (AEB) or ventricular ectopic beats (VEB) are defined as ~10% of the 
total beats in any I min. SVT = supraventricular tachycardia: VT = 
ventricular tachycardia. 
beats without ventricular tachycardia. Complex ventricular 
ectopic beats first appeared at low to moderate exercise 
work loads in 36% of subjects and at maximal effort in 45%. 
In only 19% did complex ventricular ectopic beats occur 
initially during the early or late recovery stages. No signifi- 
cant differences were evident between subjects with com- 
plex ventricular ectopic beats (study subjects) and their age- 
and gender-matched control subjects with regard to the 
prevalence of hypertension, smoking, hypercholesterolemia 
or diabetes mellitus (Table 2). The percent of study and 
control subjects who were taking at least one prescription 
medication regularly was identical (30%). No significant 
difference between the study and control group was noted, 
respectively, for the intake of theophylline derivatives (4% 
versus 5%). sympathomimetic agents (2% versus 3%), di- 
uretic drugs (11% each), thyroid replacement agents (2% 
versus 1%) or the consumption of coffee or tea. 
Rest ECG (Table 3). The rest ECGs of both study and 
control subjects were compared for eight different minor 
abnormalities. No abnormalities were found in 66% of the 
subjects with complex ventricular ectopic beats and 61% of 
the control subjects (p = NS). The prevalence of specific 
abnormalities was low in both groups, and there were no 
significant intergroup differences. 
Physiologic response to exercise (Tables 4 and 5). Mea- 
sures of the physiologic response to maximal treadmill 
exercise (exercise duration, maximal heart rate, systolic 
blood pressure and rate-pressure product at maximal effort) 
were similar for study and control subjects (Table 4). There 
was also no difference between the two groups in the 
Table 2. Coronary Risk Factors in Study and Control Subjects 
Risk Factor 
Study 
Subjects 
(%I 
Control 
Subjects 
(47c) p Value 
Hypertension 
Smoking 
Hypercholesterolemia 
Diabetes mellitus 
25 18 NS 
22 IX NS 
15 IO NS 
5 4 NS 
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Table 3. Prevalence of Electrocardiographic Abnormalities at Rest 
in Study and Control Subjects 
Table 5. Prevalence of Exercise-Induced Myocardial Ischemia in 
Study and Control Subjects 
Abnormality 
Study Control 
Subjects Subjects 
(%) (%) p Value 
Study 
Subjects 
(%) 
Control 
Subjects 
(%I p Value 
Occasional AEB 
Occasional VEB 
First degree AVB 
Left axis deviation 
RBBB 
Minor IVCD 
Tall R waves 
Minor ST-T wave changes 
Any of the above 
9 NS 
5 NS 
8 NS 
10 NS 
5 NS 
4 NS 
I NS 
5 NS 
39 NS 
AVB = atrioventricular block; IVCD = intraventricular conduction 
delay; RBBB = right bundle branch block: other abbreviations as in Table 1. 
prevalence of exercise-induced ischemia as determined by 
either ST segment response or thallium scintigraphy (Table 
5). The QT intervals at rest (415 ? 39 versus 410 ? 29 ms) 
and immediately after exercise (277 L 40 versus 284 2 34 
ms) were nearly identical in study and control subjects, 
respectively. By study design, no individuals developed 
angina1 pain with exercise. 
Follow-up. Subjects with frequent exercise-induced ven- 
tricular ectopic beats and control subjects were followed up 
for a mean duration of 5.6 + 2.7 years (range 1 .O to 10.9) for 
assessment of cardiac events and total mortality. Follow-up 
study was complete in 98% of subjects. No individual 
required antiarrhythmic drug therapy during this interval. 
An identical number of study and control subjects (six each 
or 7.5%) died of noncardiac causes. Notably, the incidence 
of angina pectoris, nonfatal myocardial infarction, syncope, 
cardiac death and the total number of individuals experienc- 
ing a cardiac event (10% versus 12.5%, respectively) did not 
differ significantly between the two groups (Fig. 2). Within 
the group with complex exercise-induced ventricular ectopic 
beats, neither exercise-induced ventricular tachycardia (no 
event in 18 study patients) nor onset of ventricular ectopic 
beats at low or moderate exercise intensity (two events in 28 
Table 4. Treadmill Exercise Physiologic Variables in Study and 
Control Subjects 
Study 
Subjects 
Control 
Subjects p Value 
Duration (min) 
Maximal heart rate 
(beatslmin) 
Systolic blood pressure 
at peak (mm Hg) 
Rate-pressure product at 
peak (beatslmin x 
mm Hg x IOm3) 
953 10 ? 3 NS 
153 ? 19 157 ? 26 NS 
182 + 29 182 ? 26 NS 
28 f 5 29 ? 4 NS 
Values represent mean values ? SD. 
Positive exercise ECG 
Abnormal thallium scan* 
Concordant positive 
exercise ECG and 
thallium scan 
16 23 NS 
17 15 NS 
4 I NS 
*Only 53 study subjects (66%) and 54 control subjects (67%) underwent 
thallium scintigraphy. ECG = electrocardiogram. 
study patients) identified a high risk subset. Among the 64 
study subjects who underwent exercise testing on subse- 
quent visits, 42 again demonstrated ventricular ectopic beats 
during exercise, including 21 with frequent or complex 
ventricular ectopic beats, or both. 
Discussion 
The importance of exercise-induced ventricular ectopic 
beats derives from the association between such ectopic 
activity and increased subsequent cardiac morbidity and 
mortality in several investigations (3-5,13,14). Prior studies 
that analyzed the prognostic significance of exercise-induced 
ventricular ectopic beats involved either young, asympto- 
matic, highly screened men with a low incidence of cardiac 
disease (6) or middle-aged, predominantly male populations 
with known or suspected coronary artery disease (15). Most 
of these studies have had few subjects with frequent or 
repetitive ventricular ectopic beats, therefore limiting con- 
Figure 2. Incidence of cardiac events in subjects with frequent 
exercise-induced ventricular ectopic beats (solid bars) and control 
subjects (hatched bars) during the 5.6 k 2.7 year follow-up period. 
No significant differences were present for any category. MI = 
myocardial infarction. 
Angina Non-fatal Syncope Cardiac Total 
Petzorir MI Death with 
Cardiac 
Events 
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elusions regarding this important subset. Our study extends 
previous observations on the prevalence and long-term 
prognosis of exercise-induced ventricular ectopic beats to a 
large, heterogeneous, nonreferred, community-based popu- 
lation of men and women with complex asymptomatic exer- 
cise-induced ventricular arrhythmias, but no clinical heart 
disease. 
Pathogenesis. Several prior studies (4,6,7,9) in asymptom- 
atic, younger and middle-aged subjects have shown modest 
age-related increases in the prevalence of exercise-induced 
ventricular ectopic beats. The present study demonstrates 
that the increase in complex exercise-induced ventricular 
ectopic beats with age follows an exponential pattern in men, 
with a striking increase in those >60 years of age. Women 
failed to demonstrate any increase with age, except in the 
very small sample >80 years of age. The reason for this 
gender difference is unclear. A similar exponential increase 
in prevalence with age has been observed for ventricular 
ectopic beats detected on the rest ECG or during ambulatory 
ECG monitoring in an analysis of nine male populations (16). 
Although it is tempting to attribute these arrhythmias to 
undetected coronary artery disease, the asymptomatic status 
of all subjects tested and the similar low prevalence of 
coronary risk factors and ischemic ECG or thallium scinti- 
graphic exercise responses in subjects with ventricular ec- 
topic beats and control subjects suggest that other factors 
might be responsible. Such factors may include age- 
associated left ventricular hypertrophy (17,18), an exagger- 
ated catecholamine response to exercise (19) or blunted QT 
interval shortening during exercise (20). Although echocar- 
diography was not routinely performed in these subjects, 
ECG evidence of early left ventricular hypertrophy was 
present in only a small percent of each group. The QT 
interval measurements at rest and immediately after exercise 
also showed no significant differences between study and 
control subjects. 
Prognosis. Our most noteworthy finding was that these 
80 clinically healthy individuals with asymptomatic complex 
exercise-induced ventricular ectopic beats had no increase in 
cardiac morbidity and mortality rates during a mean follow- 
up period of 5.6 years compared with age- and gender- 
matched control subjects. In these 80 patients, neither the 
onset of complex ventricular ectopic beats relatively early 
during exercise nor the development of nonsustained ven- 
tricular tachycardia identified a subset at higher risk for a 
future cardiac event. Furthermore, this benign prognosis 
was observed in the absence of antiarrhythmic drug therapy 
during follow-up evaluation. The present prognostic findings 
are analogous to the benign course seen earlier (21) in 73 
asymptomatic predominantly middle-aged subjects with fre- 
quent and complex ventricular ectopic beats found on 24 h 
ambulatory ECG monitoring. In that study, however, 25% of 
the subjects received a prophylactic beta-adrenergic block- 
ing drug over the 6.5 year mean follow-up period, raising the 
possibility that the favorable prognosis was partially attrib- 
utable to beta-adrenergic blockade. 
Information concerning the prognostic significance of 
exercise-induced ventricular ectopic beats in asymptomatic 
subjects is limited to military aircrewmen (6). Among 1,390 
such individuals, “ominous” patterns, defined as nonsus- 
tained ventricular tachycardia or ventricular ectopic beats 
that increased to >20% of beats with exercise, occurred in 
29 men; such arrhythmias demonstrated a risk ratio of 3.4 for 
the development of clinical coronary events over a mean 
follow-up period of 6.3 years. The low sensitivity and 
positive predictive value (6.5% and 10.3%, respectively) of 
complex exercise-induced ventricular ectopic beats for cor- 
onary events could be explained by the relative youth (mean 
age 37.6 years) and excellent health of these highly screened 
military personnel. Although several additional studies (4,7- 
9) have examined the prevalence of exercise-induced ven- 
tricular ectopic beats in selected groups of patients, none has 
provided systematic follow-up data by which to assess the 
prognostic importance of exercise-induced ventricular ec- 
topic beats. One study (15) of middle-aged men with a high 
coronary risk profile did demonstrate a tendency for such 
ectopic activity to decrease after a supervised exercise 
program. 
Prognosis in patients with coronary artery disease. The 
relation between exercise-induced ventricular ectopic beats 
and subsequent cardiac morbidity and mortality in patients 
with known or suspected coronary artery disease is contro- 
versial. In patients with coronary artery disease. Califf et al. 
(I 3) demonstrated a relation between repetitive ventricular 
ectopic beats and decreased survival, and Udall and Ellestad 
(5) found an association between complex ventricular ec- 
topic beats during exercise and new coronary events at 2 
years of follow-up study. Studies (22-24) in patients after 
myocardial infarction have generally shown an association 
between exercise-induced ventricular ectopic beats and car- 
diac mortality if the sample size was sufficiently large. In a 
recent investigation by Henry et al. (141, the presence of 
ventricular ectopic beats on the predischarge treadmill test 
was the only exercise abnormality that predicted subsequent 
cardiac death over the subsequent 2 years. Other studies 
( 13.25-27). however. failed to demonstrate any relation 
between exercise-induced ventricular ectopic beats and out- 
come in symptomatic patients both with and without coro- 
nary artery disease. In those studies, the number of individ- 
uals with complex ventricular ectopic beats was either very 
small or not quantified. 
Study limitations. The apparently benign nature of exer- 
cise-induced complex ventricular ectopic beats in this 
asymptomatic population without clinical heart disease, in 
contrast to patients with known coronary artery disease, is 
consistent with the lack of prognostic significance for other 
age-associated ECG abnormalities in relatively low risk 
groups. including ventricular ectopic beats at rest (28), first 
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degree atrioventricular block (29) left axis deviation (30) or 
right bundle branch block (31). Taken together, these obser- 
vations indicate that the presence or absence of organic 
heart disease is more important than a given ECG finding in 
determining prognosis. It is nevertheless possible that longer 
follow-up study of the present cohort and the accumulation 
of additional subjects with complex exercise-induced ven- 
tricular ectopic beats could alter our conclusions. Indeed, 
limited statistical power as a result of small sample size 
could result in the lack of an observed difference in the 
incidence of cardiac events between our two groups. 
Although a substantial percent of our subjects may have 
undetected coronary artery disease given its high prevalence 
in unselected autopsy series (32,33), this possibility applies 
to our control subjects as well. The similarity of coronary 
risk factors and ischemic ECG and thallium responses to 
exercise in the two groups support a similar prevalence of 
silent coronary disease. The limited reproducibility of these 
complex exercise-induced ventricular ectopic beats may 
partially account for their apparently benign prognosis and is 
consistent with previous studies (7,9) in apparently healthy 
individuals. Finally, our findings do not necessarily apply to 
individuals with exercise-induced sustained ventricular 
tachycardia, symptomatic exercise-induced complex ven- 
tricular ectopic beats or known coronary artery disease. 
Conclusions. In this large, asymptomatic, community- 
dwelling population, the prevalence of frequent or repetitive 
ventricular ectopic beats induced by maximal treadmill 
exercise is relatively low but increases exponentially with 
age, at least in men. The cause of the age-associated increase 
in prevalence is unknown. Complex exercise-induced ven- 
tricular ectopic beats in this population are not commonly 
associated with latent ischemic heart disease, nor do they 
predict increased cardiovascular morbidity or mortality in 
these predominantly older individuals. The benign course of 
such asymptomatic subjects without specific treatment sup- 
ports a conservative therapeutic approach given the costs 
and side effects associated with antiarrhythmic drugs. 
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